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Despite the fact that composite fermions may be regarded
as electrically neutral objects at Landua-level filling factor
ν = 1/2, carrying only an electric dipole moment, we argue
that the long-wavelength compressibility of the system is fi-
nite.
Several recent articles [1]– [4] have emphasized the fact
that the low energy ”composite fermion” (CF) excita-
tions at Landau-level filling fraction ν = 1/2 are neutral
with respect to the electric charge, carrying only an elec-
tric dipole moment, and some have suggested that as
a consequence, the electron system at ν = 1/2 should
be ”incompressible” in the long-wavelength limit – i.e.,
that the zero-frequency electron density response func-
tion χ(q) should vanish ∝ q2, in the limit q → 0. [1,2]
We argue that despite the dipole nature of the dressed
CFs, the electron system is compressible (i.e., χ is finite
at q = 0 for short-range forces, and vanishes as q/2pie2
for unscreened Coulomb interactions), as predicted by
conventional fermion Chern-Simons (CS) theory [5]– [6].
In Eq (17) of Ref. [2], Pasquier and Haldane find
χ(q) ∝ m∗q2/(1 + F1) , where m
∗ is the composite-
fermion effective mass, and F1 is the first Landau inter-
action parameter. We argue, however, that F1 → −1, for
q → 0, in such a manner as to give a finite compressibil-
ity. In ref [1], Murthy and Shankar suggest χ ∝ q2, but
also raise the possibility that the ”drifting Fermi sea”,
peculiar to this system ”might lead to soft modes and
compensating inverse powers of q.” We argue that the
latter does occur. The finite compressibility is restored
because of the peculiarity of the CF system, noted previ-
ously by Haldane, and implicit in [1], that the energy of
the system is unchanged if a constant K is added to the
momentum of every CF. Within the formalism of [2], the
fact that (1+F1) = 0 , for q = 0, follows directly from this
constraint and the definition of the Landau parameters.
We employ here the formalism of [1], where a uni-
tary transformation is used to approximately decouple
the fermion degrees of freedom from bosonic oscillators,
describing cyclotron motion. The K-invariance of the
energy follows there from gauge invariance. The fermion
part of the approximate Hamiltonian (Eq. (27) of [1]) is,
in the absence of electron-electron interactions,
H =
∑
i
p2i
2m
−
Q∑
k=0
∑
i,j
pi · pj
2mn
e−ik·(ri−rj) (1)
where m is the electron mass, and n is the average den-
sity. The required invariance is satisfied if one keeps only
the k = 0 term in the second sum; fluctuation contri-
butions from k 6= 0 should be cancelled by higher order
terms which were omitted from (1). In Ref. [1], the mag-
nitude of the upper cutoff Q was chosen equal to kF ,
in which case the inverse effective mass 1/m∗, obtained
by adding the i = j terms of the second sum to the
bare kinetic energy, is equal to zero – a correct feature
of the non-interacting electron system. The price paid
for that is the violation of the K–invariance of the en-
ergy by the k 6= 0 terms in (1). Here, we consider a
model in which Q is much less than kF , such that there
are only a few k 6= 0 terms. This model corresponds to
a fermion-CS model where the CS charges are smeared
over a radius of order Q−1. [7] In this model, the effective
mass m∗, obtained by the method of [1], is finite, even
in the absence of electron–electron interaction; however,
the long wavelength features that we are interested in
are unaffected. In particular, the transformed compos-
ite fermions are still electrically neutral objects, and the
system is still invariant under addition of a constant K
to the momentum of every fermion.
We now show that the K–invariance of the fermion
energy leads to a finite compressibility of the system.
Since a CF of momentum p carries a dipole moment l20 zˆ×
p (where l0 is the magnetic length), the CF contribution
to the electron-density operator is given by −il20q×g(q),
with g(q) =
∑
pje
−iq·rj being the momentum density of
the CFs. Consequently, for q||xˆ the response function χ
for the electron density is propotional to q2Φyy(q), where
Φµν(q) describes the response of the cartesian component
gµ to a perturbation of form −λgν(q).
The response function Φyy(q) is related to the energy
cost involved in a static fluctuation gµ(q), for λ = 0. This
cost is ∝ |gµ|
2Φ−1µµ(q). For a normal fermi liquid, gauge
invariance dictates that Φxx = nm ≡ Φ0, independent
of the magnitude of q. The transverse part, however,
satisfies Φ−1yy = Φ
−1
0 + Dq
2, where D is proportional to
the diamagnetic susceptibility. For the CF system, as
stated above, it costs no energy to introduce a long wave–
length longitudinal fluctuation in g, so Φ−10 = 0. If we
assume that Φ−1 is regular, for q → 0, we find that for
the transverse component, Φ−1yy (q) ∝ q
2, so χ is finite,
and the ν = 1/2 state is compressible.
The above scenario has been verified by more detailed
calculations, within the formalism of Ref. [1], in the limit
q < Q ≪ kF , for non-interacting particles and for the
case of the case of weak short-range repulsion. For a 1/r
Coulombic repulsion, one finds χ ∝ q as expected [8].
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